The quantitative effects of temperature and light intensity on accumulation of phenolics were examined on greenhouse-grown plants of Hypericum perforatum L. Plants were grown in a greenhouse separated into two parts: shaded by 50% transparent polyethylene cover and un-shaded. Temperature values and light intensities were measured daily during the experiment, while plants were harvested weekly for HPLC analyses. Multi regression analyses were performed to describe the quantitative effects of temperature and light intensity on phenolics accumulation. According to the results, increases in temperatures from 24°C to 32°C and light intensities from 803.4 µMm -2 s -1 to 1618.6 µMm -2 s -1 resulted in a continuous increase in amentoflavone, apigenin-7-glucoside, cholorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin contents. The relationships between temperature, light intensity and phenolics accumulation were formulized as P= [a + (b 1 x t) + (b 2 x l) + [b 3 x(t x l)]] equition, where P is the content of the corresponding phenolic, t temperature (°C), l light intensity (µMm -2 s -1 ) and a, b 1 , b 2 and b 3 the coefficients of the produced equation. The regression coefficient (R 2 ) value for amentoflavone was 0.84, for apigenin-7glucoside 0.87, for cholorogenic acid 0.83, for hyperoside 0.95, for kaempferol 0.76, for rutin 0.70, for quercetin -0.93, and for quercitrin -0.86. All R 2 values and standard errors of the equations were found to be significant at the p<0.001 level. The mathematical models produced in the present study could be applied by Hypericum researchers as useful tools for the prediction of phenolics content instead of routine chemical analyses.
Environmental factors such as climate and soil affect plant growth and development. It would be useful to know minimum, optimum and maximum temperatures and light intensity required for plant growth and development [1a-1c] . The temperature regime within the crop environment strongly increases its growth, spread of diseases and yield. Its complexity comes from the fact that the temperature regime within the crop includes heat exchange between the soil surface beneath the crop, air in the crop air space and crop leaves that have to be considered thermodynamically through soil surface temperature, crop air space temperature and crop foliage temperature (referred to hereafter as the crop environment temperatures). They may be identified as the key environmental variables that are strongly related to, for example, crop yields, phenological development, intensity of evapotranspiration, leaf water potential, and water status. Considerable research in the last two decades has addressed various aspects of modeling these temperatures using new methodologies, approaches, and numerical methods [2a] . Developmental models are commonly explored using computational or simulation techniques [2b] . The simulation software may be general-purpose, intended to capture a variety of developmental processes depending on the input files, or special-purpose, intended to capture a specific phenomenon. Input data range from a few parameters in models capturing a fundamental mechanism to thousands of measurements in calibrated descriptive models of specific plants (species or individuals). Standard numerical outputs (i.e. numbers or plots) may be complemented by computer-generated images and animations [2c,2d] .
To date, there have been a few attempts to describe the relationship between chemical composition of St. John's 
Secondary metabolites, Standard Errors (SE)
Coefficient T l t x l R² Amentoflavone (mg/g) -0.043 ± 0.019 *** 0.002 ± 6.7E -4 *** 2.13E -5 ± 1.17E -5 *** -7.1E -7 ± 3.96E -7 *** 0.84 Apigenin-7-glucoside (mg/g) 6.919 ± 2.659 *** -0.292 ± 0.092 *** -0.004 ± 0.002 *** 1.89E -4 ± 5.46E -5 *** 0.87 Cholorogenic acid (mg/g) 5.146 ± 3.336 *** -0.231 ± 0.115 *** -3.36E -3 ± 0.002 *** 1.55E -4 ± 6.85E -5 *** 0.83 Hyperoside (mg/g) 27.166 ± 10.84 *** -1.129 ± 0.376 *** -0.019 ± 0.007 *** 8.35E -4 ± 2.22E -4 *** 0.95 Kaempferol (mg/g) 0.128 ± 0.119 *** -0.006 ± 0.004 *** -8.4E -5 ± 7.24E -5 *** 4.05E -6 ± 2.45E -6 *** 0.76 Rutin (mg/g) 4.673 ± 2.255 *** -0.194 ± 0.078 *** -2.8E -3 ± 1.37E -3 *** 1.18E -4 ± 4.63E -5 *** 0.70 Quercetin (mg/g) 0.269 ± 0.932 *** -0.025 ± 0.032 *** -3.6E -4 ± 5.66 -4 *** 2.68E -5 ± 1.91E -5 *** 0.93 Quercitrin (mg/g) 3.742 ± 3.77 *** -0.166 ± 0.131 *** 2.76E -3 ± 2.29E -3 *** 1.32E -4 ± 7.74E -5 *** 0.86 R²: regression coefficient, SE: standard error, t: temperature (°C), l: light (µM m -2 s -1 ) of produced equations. *, **, ***: Significant at the level of p < 0.05, 0.01 and 0.001, respectively. wort, temperature and light intensity, but with no wide temperature and light ranges. Therefore, this research quantitatively examined the effects of temperature and light on St. John's wort phenolics, using a wide range of temperature and light intensity.
In the present study, prediction equations were developed for estimation of the contents of phenolics in Hypericum perforatum L., namely amentoflavone, apigenin-7-glucoside, cholorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin. For developing the mathematical models, average temperature and light intensity throughout the growth period were used: 24°C and 803.4 µM.m -2 .s in the shaded part and 32°C and 1618.6 µM.m -2 .s in the unshaded part. Results of the statistical analysis revealed that most of the variations in the phenolics levels in the plant material could be explained by differences in the parameters of temperature and light intensity.
Variations in amentoflavone concentration in aerial parts of H. perforatum were explained by 84% of temperature and light intensity parameters. The equation for amentoflavone content was: P ament. =(-0.043)+(0.002 x t)+(2.13E -5 x l)-[7.1E -7 x (t x l)], where P ament : amentoflavone content in aerial parts of the plant, t: temperature, and l: light intensity ( Table 1) . The relationship between actual and predicted contents of amentoflavone (mg/g) in H. perforatum is shown in Figure 1 . The variation for apigenin-7-glucoside was found to be 87%. The equation for apigenin-7-glucoside content was expressed as P apig = (6.919)-(0.292 x t)-(0.004 x l)+[1.89E -4 x (t x l)], where P apig : apigenin-7-glucoside content in aerial parts of plant. (Table 1) . The relationship between actual and predicted content of apigenin-7-glucoside in H. perforatum is shown in Figure 2 . The variation in content of chlorogenic acid was explained by 83% of changing environmental parameters. The equation for this compound was: P chol =(5.146)-(0.231 x t)-(3.36E -3 x l)+[1.55E -4 x (t x l)], where P cho : cholorogenic acid content in aerial parts (Table 1) . The relationship between actual and predicted contents of chlorogenic acid in H. perforatum is shown in Figure 3 . The variation between actual and predicted contents for hyperoside was explained by 95%. The equation for hyperoside was: P hyp. =(27.166)-(1.129 x t)-(0.019 x l)+[8. 35E -4 x (t x l)], where P hyp : hyperoside acid content in aerial parts of the plant (Table 1) . The relationship between actual and predicted contents of hyperoside in H. perforatum is shown in Figure 4 . The variation in kaempferol contents was explained for 76% by environmental parameters. The equation for kaempferol was P kemp =(0.128)-(0.006 x t)-(8.4E -5 x l)+[4.05E -6 x (t x l)], where P kemp : kaempferol content in aerial parts of plant (Table 1) . Relationship between actual and predicted contents of kaempferol in H. perforatum is shown in Figure 5 . The variation for rutin was 70%. The equation for content of rutin was:
where P rutin : rutin content in aerial parts of plant (Table 1) . The relationship between the actual and predicted contents of rutin in H. perforatum is shown in Figure 6 .
The variation explained by the parameters for quercetin was 93%. The equation for quercetin was
where P qcetin : quercetin content in aerial parts of the plant (Table 1) . The relationship between actual and predicted contents of quercetin in H. perforatum is shown in Figure 7 .
As for quercitrin, the variation explained by the parameters was 76 %. The equation for quercitrin was
where P qcitrin : quercitrin content in the aerial parts of plant (Table 1) . The relationship between actual and predicted contents of quercitrin in H. perforatum is shown in Figure 8 . The predicted contents of amentoflavone, apigenin-7glucoside, chlorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin according to the produced equations and the actual values of the corresponding compounds found in aerial pats of H. perforatum by HPLC analyses are shown in Tables 2 and 3 .
The main function of plant secondary metabolites is thought to be the adaptation of plants to their environment [3a] . By interacting with the ecosystems, these natural compounds largely contribute to plant fitness, for example protection of plants from pathogens . It was observed that high temperature (35°C) increased the secondary metabolite concentrations in the shoot tissues. In the present study, the contents of amentoflavone, apigenin-7-glucoside, chlorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin increased in greenhouse-grown H. perforatum plants in response to elevating temperatures from 24 to 32°C. The increases in biomass and secondary metabolite production are attributed to changes in the photosynthetic rate in plants [4] . In the present study, we observed that increases in light intensities from 803.4 µM.m -2 s -1 to 1618.6 µM.m -2 s -1 resulted in a continuous increase in the contents of amentoflavone, apigenin-7-glucoside, chlorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin.
Temperature and light are the major environmental factors affecting plant physiology, especially photosynthesis and plant development. The physiological changes in plants in response to different stress factors may stimulate secondary metabolite production for the restoration of the defensive systems. The increase in secondary metabolite concentrations of plants observed in the present study under higher temperatures and light intensities may be attributed to these possible physiological changes. It is also possible that the available carbon in the plant tissues may be used unusually for the biosynthesis of secondary metabolites rather than for plant growth under stress conditions. Developmental models are commonly explored using either computational or simulation techniques [1c,2b] . The simulation software may be general-purpose, intended to capture a variety of developmental processes depending on the input files, or specialpurpose, intended to capture a specific phenomenon. Input data range from a few parameters in models capturing a fundamental mechanism to thousands of measurements in calibrated descriptive models of specific plants [2c,5a] . By using the data from chemical analyses and temperature/light measurements in the present study, we developed simple equations for predicting the contents of amentoflavone, apigenin-7glucoside, chlorogenic acid, hyperoside, kaempferol, rutin, quercetin and quercitrin, which may be used for the evaluation of H. perforatum instead of expensive and time-consuming phytochemical methods.
Experimental
Plant cultivation: H. perforatum plantlets were established in the greenhouse from 5 month old seeds collected from plants growing wild in Samsun Province, Turkey. The plants were identified by Dr Hasan Korkmaz, Department of Biology, University of 19 Mayis, Samsun, Turkey. Seeds were germinated in a trifluoroacetic acid (TFA) and 75% acetonitrile containing 0.1% TFA. The flow rate was kept at 1.5 mL/min. The detector monitored the eluted components at 270 nm. Ten μL of the samples were injected. The eluted hyperforin was identified on the basis of the retention time by comparison with that of a reference standard. The identity of constituents was also confirmed using the PDA detector by comparison of their UV spectra with those of reference standards in the wavelength range 190-400 nm. The quantity of hyperforin was calculated from an external standard calibration in the concentration range 30.0-150.0 µg/mL. The characteristics of the hyperforin calibration curve are: linear regression equation (y=4.69×10 3 x +2.17×10 2 ) and linear correlation (r 2 =0.999).
Separation of phenolics was carried out using a XTerra RP18 column (150 x 3.9 mm, 3.5 µm) and SupelguardTM Ascentis TM RP-Amide 20×4.00 mm guard-precolumn. A binary solvent system was used consisting of solvent A (5% water containing 0.1% TFA) and solvent B (95% acetonitrile containing 0.1% TFA). The following gradient elution program was used: 0-45 min. 95-55% A, 5-45% B; 45-50 min. 55% A, 45% B; 50-55 min. 55-95% A, 45-5% B. Flow rate: 0.4 mL/min. Injection volume: 10 µL. The column temperature was 20 o C. Elution was monitored at 360 nm. The eluted components were identified on the basis of their retention times by comparison with those of reference standards. The identity of the constituents was also confirmed with the PDA detector by comparison of their UV spectra with those of reference standards in the wavelength range 220 to 380 nm. The quantity of compounds was calculated from an external standard calibration in the concentration range 0.5-100.0 µg/mL (r 2 = 0.997). Each sample was analyzed twice and the mean value was used for calculation of the concentrations in the plant material. All solvents and reference substances were of HPLC grade and purchased from Roth Chemical Company (Karlsruhe, Germany)
